The aim of our analysis is to further characterise the prognostic relevance of early tumour shrinkage (TS) during VEGF-targeted therapy in mRCC, in order to explore whether this could define a group of patients with long-term survivorship.
The implementation of targeted therapies inhibiting the vascular endothelial growth factor (VEGF) or the mammalian target of rapamycin (mTOR) pathway established new standards for the treatment of metastatic renal cell carcinoma (mRCC). To date, the tyrosine kinase inhibitors (TKIs) sunitinib and pazopanib as well as the monoclonal antibody bevacizumab (in combination with interferon) are considered as the standard of care for first-line treatment in patients with good and intermediate prognosis according to the MSKCC risk stratification. These agents are perceived of having similar efficacy, measured by the median progression-free survival (PFS) of sunitinib, pazopanib or bevacizumab with 11, 9.2 and 10.2 months and an objective response rate (ORR) of 31, 30 and 31%, respectively (Escudier et al, 2007; Motzer et al, 2007; Sternberg et al, 2010) . Recently, treatment results of a new generation of TKIs were introduced. The use of tivozanib was associated with a median PFS of 12.9 months compared with 9.1 months (P ¼ 0.037) with sorafenib in treatment-naive patients . Axitinib reached a median PFS of 10.1 months compared with 6.5 months with sorafenib (P ¼ 0.038), but the stratified hazard ratio came in at 0.72 failing its primary statistical endpoint (Hutson et al, 2013) . ORR was 33% and 32% for tivozanib and axitinib in these studies, respectively. Even with these selective VEGF-receptor inhibitors, a major advancement in PFS and ORR may not be reached in mRCC. It remains unclear which measures would really advance the field of mRCC, but long-term survivorship is generally conceived as a proper outcome.
The relevance of objective tumour remission in mRCC was characterised by an analysis presenting the superior outcome for patients achieving an objective tumour remission with sunitinib treatment (Molina et al, 2012) . At the same time, our group presented a tumour shrinkage (TS) of X10% within the first 12 weeks of treatment as prognostic parameter for a longer PFS and OS . Another analysis presented data on initial tumour size reduction of primary tumours as independent predictor for OS in renal cancer, underscoring the relevance of early treatment evaluation (Abel et al, 2011) . Even in Phase I studies, the change of tumour size according to Response Evaluation Criteria In Solid Tumours (RECIST) proved to correlate with prognosis, but boundaries for efficacy assessment have been questioned (Jain et al, 2012) .
The aim of our analysis is to investigate if there is a prognostic relevance for early TS under VEGF-targeted therapy in mRCC, in order to explore whether this approach could define a group of patients with long-term survivorship.
PATIENTS AND METHODS
Clinical data of 100 mRCC patients treated with VEGF-targeted therapies between 2005 and 2013 were retrieved. No restrictions were made concerning the histological subtype, the performance status (ECOG) or the risk stratification scores according to the MSKCC and Heng Score (Oken et al, 1982; Motzer et al, 2002; Heng et al, 2009) . Patient characteristics are shown in detail in Table 1 . Medical records were analysed retrospectively in accordance with the declaration of Helsinki. Patients received computed tomography (CT) of the thorax and abdomen with contrast medium after two treatment cycles as standard procedure. In case of an impaired kidney function, a magnetic resonance imaging of the abdomen and native chest CT scans of the thorax were performed. The median time of follow-up (from the day of first treatment evaluation) was 22 months.
After radiological appraisal, imaging of first treatment evaluation compared with baseline was re-evaluated by our study group. The response to systemic therapy was then evaluated according to the RECIST version 1.1, and the change of tumour size was defined by the fraction of decrease or increase of the sum of the largest diameter (SLD) of target lesions (Eisenhauer et al, 2009) . For this purpose, 236 target lesions were defined and their response to treatment was analysed.
The early change of tumour size was defined as treatment response detected with first evaluation performed after two treatment cycles. After imaging was evaluated, patients were stratified into five subgroups according to our stratification strategy with TS from À 100% to À 60%; À 59% to À 30%; À 29% to 0% or a gain of SLD from 1% to 19% and X20% or the occurrence of new lesions (i.e., progressive disease).
The aim of evaluating early treatment response was to investigate the role of the change of tumour size as a prognostic marker. Our patient stratification strategy was performed to arrange our patients into multiple groups to analyse treatment responders without TS and treatment responders with TS and to introduce also a subgroup with excellent TS to further specify initial treatment responders. The outcome of patients with objective tumour remission compared with patients achieving stable disease as best response was also compared to further discuss the role of tumour remission throughout the course of first-line treatment. Patients best response results throughout first-line VEGF-targeted therapy was already available with our data bank and was not re-evaluated by our study group.
Treatment regimens. First-line VEGF-targeted therapies consisted of sunitinib in 73 patients, sorafenib in 12 patients, axitinib in 8 patients, bevacizumab/interferon alpha in 3 and pazopanib in 4 patients. Before VEGF-targeted therapy, 40 patients received interferon alpha (IFN). Sunitinib was administered as 50 mg once daily on 28 consecutive days of a given 6-weeks cycle, and sorafenib was administered continuously 400 mg BID. Bevacizumab (Bev) was infused at 10 mg/kg intravenously every 2 weeks, with IFN (Bev/IFN) applied subcutaneously thrice a week with up to 9 Mio units. Pazopanib 800 mg was applied continuously once daily. Every patient received axitinib within the 'Axitinib (AG-013736) With Or Without Dose Titration (Increase) In Patients With Kidney Cancer' (NCT00835978) clinical trial. Axitinib was administered according to the protocol, consisting of 5-10 mg twice daily (BID).
In case of significant toxicity, dose reductions were performed to avoid early treatment abort and for quality-of-life improvement. Sunitinib doses were reduced from 50 mg to 37.5 mg, and further to 25 mg OD if necessary. Sorafenib dose reductions consisted of a decrease to 200 mg BID. Pazopanib doses were reduced from 800 mg to 600 mg and further to 400 mg OD. Bev/IFN dose reduction consisted of IFN dosage decrease from 9 to 6 Mio or 3 Mio units. Dose reductions of axitinib were according to the protocol.
Of the 85 patients who already progressed under first-line therapy at the time of analysis, 73 received further treatment lines with an mTORi (n ¼ 44) or another TKI (n ¼ 29). Patients received 1-6 different treatment lines (median 3). Three patients died during first-line therapy, others deceased shortly after tumour progression. Best supportive care, that is, use of analgesics, antiemetic therapy and psychological assistance was provided to every patient ambulatory or by inpatient treatment.
Statistics. Statistical analyses were performed to detect prognostic factors that are significantly associated with the OS. Survival curves were calculated using the Kaplan-Meier method. Patients were censored at the date of last follow-up. OS was investigated from the day of initiation of first-line VEGF-targeted therapy to the time of death or censored at the date of last follow-up. Kaplan-Meier curves comparing the OS between patient characteristics were constructed and log-rank testing was used to compare these censored outcomes. The following patient characteristics were tested: change of tumour size with first treatment evaluation, MSKCC risk score before first-line TKI treatment, the Heng Score before first-line TKI treatment, ECOG performance status, histology, previous immunotherapy, number of metastatic organ sites before TKI therapy (o3 vs X3 organ systems), and location of metastatic organ sites, for example, the lung, liver, bone and lymph nodes. Variables were found to be significant if a two-sided P-value was o0.05 on univariate testing. We also used the Cox proportional hazards model for multivariable analysis. The variables that reached statistical significance in this model were then deemed to be independent predictors for treatment outcome concerning the OS. Kaplan-Meier analysis was performed with the landmark method (Anderson et al, 1983) . All statistical calculations were performed using the Statistical Package for the Social Sciences (SPSS) 19 (Chicago, IL, USA).
Landmark analyses. The landmark analysis was performed for statistical analyses. The intention of the landmark method is to estimate in an unbiased way the time-to-event probabilities in each group conditional on the group membership of patients at a specific time point, the landmark time. Therefore patients who died before 3 and 6 months after TKI initiation were excluded from further statistical analyses. The 6-months landmark strategy was chosen by our study group, because 6 months were already explored to be a valid prognostic parameter for patients' outcome in previous studies (Heng et al, 2011; Seidel et al, 2012) , while 3 months roughly implies the time period from treatment initiation to first treatment evaluation (median: 2.75 months in our analyses).
RESULTS
Outcome and response of first-line VEGF-targeted therapy. The median OS from the start of first-line VEGF-targeted therapy was 28.2 months (95% CI 21.8-34.6). First-line VEGF-targeted therapy was associated with a median PFS of 10.4 months (95% CI 8.2-12.6).
Landmark analyses. A 3-and 6-months landmark strategy was performed for this analysis. Four patients were excluded from analysis for the 6-months landmark due to death before 6 months after treatment initiation. One patient died after 1.3 months and was therefore excluded for the 3-months landmark strategy. Also, 3 of the 4 patients had progressive disease with first treatment evaluation while 1 patient received a tumour remission of À 3%.
Treatment outcome best response. Best response was SD in 48 patients, PR in 25 patients and CR in 6 patients. Twenty-one patients had PD at first tumour evaluation.
Change of tumour size with first treatment evaluation. The patients were stratified according to the initial change of tumour size. Seven patients reached a TS from À 100% to À 60%, 20 patients from À 59% to À 30%; 39 patients reached from À 29% to 0% and 15 patients gained tumour size from 1 to 19%, while 19 patients initially had a gain of tumour size of X20% or occurrence of new lesions. Also, 8 patients had progressive disease due to new lesions, while 11 patients had gain of tumour size only. There was no difference concerning the OS between both the groups (P ¼ 0.36).
Toxicity analyses. Dose reductions due to adverse events were required in 30 patients. Systemic treatment with first-line VEGF-targeted therapies had to be permanently interrupted due to toxicity in 12 patients. Treatment cessation was caused by acute renal failure, mucositis, proteinuria, cardiac insufficiency, thrombopenia, alveolitis, angina pectoris, diarrhoea and hand-foot syndrome.
Association between response and OS
Univariate analyses. The Kaplan-Meier plots showed a statistical significant correlation between the change of tumour size with first treatment evaluation and OS (Figure 1 ). For the 6-months landmark, the median OS was 77.4 months (95% CI 30.6-124.2) in patients with a TS from À 100% to À 60%, 33.5 months (95% CI 24.8-42.2) for TS from À 59% to À 30%, 26.9 months (95% CI 20-33.7) for TS from À 29% to 0%; 30 months (95% CI 27.9-32.1) in patients with an increasing tumour size from 1% to 19%, and 14.3 months (95% CI 8.6-20.2) for patients with an increase of X20% or new lesions (i.e., PD). As already depicted by the separation of the Kaplan-Meier curves, the log-rank test supported this observation by reaching significance (Pp0.001). Further patient statistical investigations revealed the following patient characteristics to correlate with the OS: Patients with bone metastases (P ¼ 0.013) and a non-clear cell histology (clear cell differentiation vs others) (Pp0.001) had an impaired prognosis (Table 2) .
Patients achieving objective tumour remission (CR and PR) under first-line VEGF-targeted therapy (n ¼ 29) had a median OS of 36 months compared with 31 months in patients with stable disease (P ¼ 0.217; 95% CI 26.1-38.1; Figure 2 ). The TS of target lesions according to RECIST 1.1 is demonstrated by a waterfall plot for individual patients in Figure 3 .
Multivariate analyses. Cox proportional hazard models at a landmark time of 6 months were used to assess the effect of prognostic factors on OS (Table 3) . Multivariate analyses was performed comparing the following factors: change of tumour size with first treatment evaluation, stratified according to TS from À 100% to À 60%; À 59% to À 30%; À 29% to 0% or a gain of SLD from 0% to 20% and X20% or occurrence of new lesions, were compared with the MSKCC risk score, ECOG performance status, histology, previous immunotherapy, number of metastatic organ sites, location of metastatic organ sites, for example, the lung, bone and lymph nodes. Multivariate analyses confirmed the relevance of early TS as prognostic factor for OS (P ¼ 0.021; HR 1.624). Osseous lesions also proved to be a valid prognostic factor 1% to 19% (n =15) median OS 29.9 months -29% to 0% (n =38) median OS 26.9 months -59% to -30% (n =20) median OS 33.5 months -100% to -60% (n =7) median OS 77.4 months Figure 1 . Survival distribution of the different patient cohorts with TS from À 100% to À 60%; À 59% to À 30%; À 29% to 0% and gain of tumour size from 1% to 19% and X20% or occurrence of new lesions. Kaplan-Meier analysis with a landmark set to 6 months is shown. Also, n ¼ 1 and n ¼ 3 patients with a tumour remission from 0 to 29% and with progressive disease, respectively, were excluded from analyses due to death before 6 months. Results demonstrate that patients with major tumour remission ( À 100% to À 60%) have a significantly prolonged OS. Others had a more homogenous course of the disease, while treatment non-responders exert the worst prognosis. (P ¼ 0.042; HR 2.046). A less conservative approach applied the 3-months landmark strategy for multivariate analysis. Early TS and osseous lesions were confirmed to be prognostic factors with P ¼ 0.01; HR 1.58 and P ¼ 0.024; HR 2.26, respectively. In addition, the MSKCC score also proved to be a significant prognostic factor (P ¼ 0.04; HR 1.96). A second strategy of multivariate analysis tested the three variables: change of tumour size with first treatment evaluation, the MSKCC risk score and osseous lesions with a 6-months landmark. Multivariate analyses also proved osseous lesion and early TS as valid prognostic factors with Pp0.001; HR 1.640 and P ¼ 0.043; HR 1.884, respectively (Table 4) .
DISCUSSION
With the introduction of targeted therapies, tumour assessment using RECIST criteria has been challenged by many. Choi et al (2007) established the decrease of density and a lower threshold of TS as a more reliable system to assess tumour response in GIST. The controversy opened a discussion on the topic of TS and whether the 30% cutoff for objective response applies to targeted therapies. A more recent study supports the relevance of objective remission on the clinical outcome, which correlated with OS and PFS in mRCC, while a 10% tumour remission cutoff has been shown to achieve a prognostic value (Abel et al, 2011; Grünwald et al, 2012) . Patients with disease stabilisation, however, are believed to attain benefit to a similar extent. Therefore within this study, we assessed the fraction of TS at first assessment on overall survival, incorporating landmark analyses.
Our results demonstrate that patients with a TS of at least 60% benefit most and achieve prolonged OS in comparison with others. Patients with intrinsic resistance attain the worst outcome, as already described previously (Busch et al, 2011) . As demonstrated in Figure 1 , patients with other degrees of TS achieve similar benefit from systemic treatment, underscoring the clinical relevance of disease control independently from remission. Certainly, the study size limits the analytical threshold for detection of differences within this group of patients. Our results are supported by other reports on prolonged treatment duration in patients with CR as best response to targeted therapies (Johannsen et al 2011; Albiges et al 2012) . Both reports describe a favourable clinical outcome and have not reached median overall survival, yet. When RECIST criteria were implied, there was no difference in patients achieving an objective tumour remission compared with patients with stable disease as best response as demonstrated in Figure 2 . Therefore our data support the notion that the depth of remission is associated with a superior overall survival. However, the cohort of patients with such an immense benefit remains small and applies to only 7 % in our study population. Certainly, the study size limits our conclusions, but it also provides a rational that long-term remissions are achievable in mRCC with VEGFR-targeted therapies, associated with an improved overall survival.
The bulk part (74%) of our study cohort achieved tumour size changes between shrinkage by 59% to the gain of size up to 19%. To further refine the clinical outcome of these patients, novel measures of tumour assessment may be necessary. The Choi response criteria include changes in tumour attenuation on CT, which reflect tumour density. In 2010, van der Veldt et al (2010) analysed the Choi response criteria for early prediction of clinical outcome in patients with metastatic renal cancer treated with sunitinib. Hence, investigators were able to describe that in patients with PR the Choi criteria had a significantly better predictive value for PFS and OS than RECIST criteria. On this basis, density measurements may add additional predictive value, especially for patients without significant TS.
It is debatable whether superior TS represents a favourable treatment effect or merely tumour biology. It certainly questions how we perceive advancement in the field of mRCC. The era of targeted therapies has brought a new level of efficacy to the field of mRCC. The occurrence of ORR is not required to achieve clinical benefit from targeted agents. But further clinical advancement may not apply to the whole group of patients, as seen with contemporary clinical trials. It becomes obvious that additional increments in treatment efficacy or prognosis will apply to subgroups only, which has initiated a discussion about end points and selection criteria for clinical trials. The one size fits-all approach of recent years has abandoned the goal to achieve durable remissions, which have been a prerequisite for long-term survivorship in the era of immunotherapies. As indicated in our study, it may be worthwhile to aim for maximal TS to achieve a prognostic impact instead of providing moderate efficacy to the whole group of patients. Especially with the novel targets currently being explored in clinical trials, this aim may become more apparent in the near future.
Our study explores early TS as a prognostic tool in mRCC and shows that the depth of remission may define a subset of patients with superb response to VEGF-targeted therapies, at least in mRCC. The limitation of our analysis is the retrospective design and the limited number of patients. Additional studies will have to validate our findings. It will be important for future clinical development how we define our end points in clinical trials in order to achieve impact on the clinical outcome in mRCC. 
